In previous studies on the mechanics of the human hip joint (Afoke, Byers and Hutton 1980, 1984) it was found that the inter-cartilaginous space was variable in size and location, and that it changed shape with different positions of the joint. It was concluded that this space would be of limited value as a load-distribution mecha nism and that cartilage per se should be well able to distribute the applied load. If incongruity had any function, it seemed to be in promoting bulk fluid movement for the purpose of lubrication and nutrition (Afoke, Hutton and Byers 1984).
cartilageâ€"metal interface.
Pressure-sensitive film has recently become avail able (Fujifilm Prescale [Low Grade]) and we thought it might overcome these limitations. Using this film, we have developed a technique previously used to measure pressure in the lumbar apophyseal joints (Lorenz, Patwardhan and Vanderby 1983; Dunlop, Adams and Hutton 1984). With this technique, we have been able to test the hypothesis that, since the space due to incongruity is effaced at the relatively low load of 1 x body weight (BW), it would be oflimited value as a load distribution mechanism and that cartilage per se is able to distribute the applied load evenly.
MATERIALS AND METHODS
Hip joints were obtained from routine necropsies and were stored in sealed polythene bags at â€" 20Â°Cuntil required. Before testing, they were thawed at room temperature and all the excess soft tissue and the labrum were removed. The disarticulated specimen was then mounted by first cutting the ilium and the femoral shaft in such a way that the direction of the applied force simulated that in vivo. The cut ends of the joint components were mounted in cups using quick-setting dental cement. Wood screws were inserted in the cortical bone to improve the fixing ofthe specimen to the cement. 
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The pressuredistribution between the cartilaginous surfaces in the humanhipjoint was measured using pressure-sensitive film. Five cadaveric hip joints (aged between 58 and 87 years) were measured at three @fions and loads, representing three instants in the stance phase of the walking cycle. The pressure distribution was not uniform, indicating that the cartilage did not, to any great extent, distribute the applied load. The maximum pressures recorded were about 10 MN/m2. The anterosuperiorsurface of the cartilage was identified as an area of high pressure.
after being peeled from the femoral head (the shaded areas represent the pressure print). During loading, the pressure print is recorded on the underside of the upper sheet of pressure film : this means that the pressure print is a true view for the acetabulum but a mirror image for the femoral head.
During the experiments, the cartilage of the acetabulum was kept moist with Ringer's solution ; since the femoral head was wrapped with cling film, moisture loss by evaporation was negligible.
In order to assess the degree of incongruity between the components of the hip, a cast was taken at 40 N for each of the positions tested (the procedure is fully described in Afoke et al. 1980 ). However, Impregum F (a polyether rubber impression material) was used to make the casts instead of Surgical Simplex (Howmedica) because it is both fast-setting (about five minutes compared with 30 minutes for Simplex) and non exothermic. The casts were taken after the pressure film was removed.
In between each position tested, the cartilage was left to recover for about 30 minutes by soaking both the acetabulum and the femoral head in Ringer's solution.
Effect of the thickness of the pressure-sensitive film on joint geometry. The application ofthe pressure film to the femoral head enlarges the head. This creates a small gap (175 gzm)at the apex of the femoral head and the acetabulum (Fig. 4) . In preliminary experiments using instantaneous pressure measurements, the load has to be applied within five seconds and removed within another five seconds. The paper was calibrated by applying known forces to a cylindrical punch to produce a range of pressure from 1 to 10 MN/m2. The colour density was measured with a double-beam, analogue-recording mi crodensitometer used in the reflection mode. The accuracy ofthe result is estimated to be better than Â± 6%.
In the experiments described, the low-grade film was used in every case. However, when the pressure seemed likely to exceed 10 MN/m2, a second test was carried out using the next grade of film with a pressure rangeof7 to25 MN/rn2. Experimentalstudy. Film was used to obtain the pressure imprint at the cartilage interface of five hip joints obtained from autopsies of people aged 58 to 86 years.
Specimens were tested on a servo-controlled hydraulic testing machine in three positions and with loads simulating phases of the walking cycle : heel strike at 3.3 BW, flatfoot or neutral at 1.3 BW, andjust before toe offat 4BW.
A specimen was first set in the required position (a more detailed description of this technique is described in Afoke et al. 1984) . It was then disarticulated and cling film pulled firmly over the femoral head to provide a moisture-free surface for the pressure-sensitive film. The film sandwich was punched into lanceolate shapes that approximated the development of a sphere. Thus shaped, they were used to cover the femoral head and were held in place with Sellotape at each end. The whole was covered with a second layer of cling film to prevent water damage to the pressure film. The specimen was then re-articulated and the load applied within five seconds. After the load had been removed, the rim of the acetabulum, which was later used as a reference line, was inscribed on to the pressure film. The specimen was then disarticulated and the film, containing the pressure imprint, was extracted and mounted on a sheet of paper. The pressure imprints were later analysed using the microdensitometer. Figure 1 is a view of the acetabulum of the right hip, Figure 2 shows the lanceolate shapes in place on the femoral head and Figure 3 shows the lanceolate shapes 
RESULTS
The five specimens tested were all normal for their age group in that neither the cartilage ofthe femoral head nor the acetabulum had any progressive lesions (Byers, Contepomi and Farkas 1970) . The maximum pressure recorded at each joint position, with the appropriate applied load, is shown in Table I .
Figures 5 to 9 show the pressure prints and the contour maps for each ofthe five hipjoints. Each contour line on the map represents 1 MN/m2 ; the heavy continuous line delineatesthe rim of the acetabulum. In some cases there is a space between that line and the start of the print ; this was due to loss of cartilage at the acetabular rim (Byers et al. 1970 ). (Specimen 1 had two lines ; the one nearer the pressure print is a marker line and should be ignored.) All the contour maps show that contact between the cartilage surfaces is initiated laterally and, with increasing load, is increased medially towards the fossa. In all the five specimens tested, the maximum contact area occurred in extension. Specimen 5 is somewhat unusual in that the acetabulum had two shallow depressions that carried little load in flexion and in the neutral position ; in extension, however, they carried more load.
The contour maps of the five joints show few similarities. We could group Specimens 2 and 4 together since, in flexion, they both had steep pressure gradients in the anterosuperior region, with the pressure rising to a maximum above 10 MN/m2. Specimens 1 and 3 could also be grouped together since they recorded relatively low maximum pressureswithout steep pressure gradi ents. Specimen 5 seems to stand alone : the same area of cartilage, near the fossa, made high pressure contact in all three positions (above 10MN/m2 in flexion and extension, and 8.6 MN/m2 in neutral).
The casts obtained at 40 N from the five specimens could also be grouped according to their shape and location. Specimens 2, 3 and 4 had an apical space in all the three positions, indicative of a head larger than the acetabulum (Group A as described by Afoke, Byers and Hutton 1984) ; in Specimen 1 the head was smaller than its acetabulum (Group B2). However, Specimen 5 was different from all the specimens tested previously : two interconnecting shallow depressions were present in the superior acetabular cartilage surface, and the maximum thickness of the cast of those depressions was@O.35 mm.
Comparing the casts with the pressure contour maps revealed that specimens with an apical space (Specimens 2, 3, 4 and 5) had maximal anterosuperior pressure in flexion. Specimen 3 was most incongruous in the neutral position and the load was borne by the anterior and posterior limbs. Specimen 1 is of particular interest in that, although the casts showed that the femoral head was relatively smaller than its acetabulum, the pressure contour map was the most uniform of the five specimens tested.
DISCUSSION
The loading characteristics of the hip joint have been discussed for many years, and several hypotheses have been produced. Testing of these hypotheses, however, has been impeded by the lack of an easily and reliably performed technique for measuring the load over the whole of the mating articular surfaces. Fujifilm Prescale meets this need and provides quantified values for load at any point. The technique necessitates the introduction into the joint of an artefact, that is, the ifim, but preliminary tests showed that the effect on the pressure distribution was negligible. Although the tortuous shapes shown by the contour maps may be due to surface irregularities, an alternative explanation might be that, when a spherical head mates with a spherical acetabulum, unusual contour patterns arise through local differences in stiffness of the cartilage or underlying cortical bone. The truth may be a combination of both phenomena.
The central result of our study is that the pressure film technique does not corroborate the hypothesis that cartilage distributes the applied load evenly. We have yet to study hips from children and young adults to see if loading patterns change with age. But even at this stage we can identify an area of high pressure, present in the three test positions in all of the specimens, in the anterosuperior segment of the joint. It seems unlikely that this would come about through remodelling of the joint and loss of incongruency (Bullough, Goodfellow and O'Connor 1973) . Whatever the reason for this loading pattern, whether developmental or acquired, the site coincides with the most usual location of the progressivecartilage loss seenin osteoarthritis. Even if most joints of the older population show this pattern, with a 3% prevalence of osteoarthritis of the hip, some additional factor would have to be present : this might be the pressure gradient around the high pressure sites. Specimen 5. Right hip of a 58-year-old man.
value of 9.57 MN/rn2 found by Adams and Swanson is rather lower than our maximum (perhaps because their sample points might not have been at sites of maximum pressure). The contact pressures measured in these experi ments aretheradialstresses perpendicular tothecontact surface. The application ofload also generates secondary stresses acting parallel to the surface, which are not measured by our method. Analysis studies (Afoke, Byers and Hutton 1982) show that thesesecondarystressescan be more or less than radial ones, depending on local geometry and stiffness of the cartilage. This combination of stressesshould be most interesting where the contour (1983) have estimated that the tensile stress induced in the collagen fibre is about 12 times the applied pressure; thus, with a peak pressure of 10 MN/m2, the tensile stress the collagen fibres would have to sustain is 120MN/m2. As yet we are unableto relatethis stressto I 0' Neutral 2.15xBW
